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Physical metallurgical method have a great potential due to the low cost, low 
energy consumption, low pollution. It will be a promising new routing for preparing 
solar grade silicon (SoG-Si). In this thesis, we studied the characteristics of low-cost 
multicrystalline silicon (multi-Si) material and technology of the solar cell in theory 
and experiment (in this thesis, “silicon produced by physical metallurgical method” 
specifically refers to the “low-cost silicon”). The optimal solar cell processing and 
technique were found. The main innovative results were obtained as follows: 
1. A physical model for p-type low-cost multi-Si solar cells was presented. The 
effects of grain size and effective grain boundary recombination velocity on the 
photoelectric parameters have been calculated for the practical case of the experiment. 
The simulation results were in good agreement with the experimental data. It was 
found that the performance of solar cells seem to be heavily affected by grain boundary 
recombination when the grain size is small. Therefore, for grains with size of 1mm or 
less, a significant decrease of the cell photoelectric parameters were observed for 
recombination velocity greater than 103 cm/s. On the contrary there is no significant 
effect of the recombination velocity on the performance of solar cells if the grain sizes 
are large (5 mm and 10 mm) and recombination velocity is lower than 104 cm/s.  
2. We studied the effect of oxidation and phosphorus gettering (P-gettering) on the 
minority carrier lifetime of multi-Si wafers produced by physical metallurgical method. 
We found that the minority carrier lifetime of wafers was reduced after oxidation and  
would increase after P-gettering. The optimized process of P-gettering was investigated. 
After P-gettering treatment, the average minority carrier lifetime of samples increased 
from 0.5 μs to 0.8 μs. In order to check the gettering effect, solar cells were fabricated 
on the as grown and P-gettering multi-Si wafers through the same cell processes. It was 
found that absolute conversion efficiency of low-cost multi-Si solar cell will increase 
by 0.73% after P-gettering. 
















P-gettering pretreatment were carried out. The optimized etching conditions were 
investigated. The reflectivity of the sample surfaces textured with optimized etching 
conditions can reach 22.75% at the wavelength of 400~1100nm. After the deposition of 
SiNx thin films, the reflectivity can be minimized to 8.33%, which is 20.96% lower 
than that of the bare Si wafer. 
4. The fabrication process suitable for producing low-cost multi-Si solar cell was 
studied. The best result of 11.32% conversion efficiency was achieved on multi-Si 
material with the purity of 5.79N. Through the Light Induced Degradation (LID) 
experiments, it was found that the degradation of the multi-Si solar cells performance 
was not obvious. The conversion efficiency of solar cells only decreased 0.9%~1.8% 
after 8 hours illumination and can recover after putting them in dark room for 0.5 hour. 
It means that low-cost multi-Si solar cells are stable. A preliminary analysis and 
exploration of the phenomenon and acting mechanism for LID on low-cost multi-Si 
solar cells were carried out. 
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图 1－1 世界和中国主要常规能源储量预测 
 
常规能源的过量使用还会造成环境污染的问题，主要表现为温室效应、酸雨
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